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(54) UNDERCOATING AGENT FOR FORMING PHOTOEXITING COATING FILM OR 
PHOTOCATALYTIC AND HYDROPHILIC COATING FILM 

(57) Disclosed is an undercoating composition for 
coating onto the surface of a substrate to form thereon 
an undercoat on which a photoexcitable coating or a 
photocatalytically hydrophilifiable coating is to be 
formed. The undercoating composition comprises at 
least a surfactant and a solvent. The surfactant is a non- 
ionic surfactant, afluoro-containing surfactant, or a mix- 
ture of the surfactants. The solvent is a water-soluble 
solvent having a boiling point of 180 to 235°C, an alco- 
hol having 1 to 4 carbon atoms, water, or a mixture of 
two or more of the solvents. The undercoating composi- 
tion can form an even thin intermediate layer, without 
cissing, on coated surfaces of vehicle bodies, building 
structures and the like, on surfaces of organic sub- 
strates, such as resin and wood, or on surfaces of inor- 
ganic substrates, such as glasses, mirrors, lenses and 
stones. 
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Description 

BACKGROUND OF THE INVENTION 
5 Field of the Invention 

[0001] The present invention relates to an unclercoating composition for the formation of a photoexcitable coating 
or a photocatalytically hydrophiiifiable coating on the surface of a substrate. More particularly, the present invention 
relates to an undercoating composition for the formation of a photoexcitable coating or a photocatalytically hydrophilifi- 
10 able coating on coated surfaces of existing vehicle bodies, building structures and the like, on surfaces of organic sub- 
strates, such as resin, or on surfaces of inorganic substrates, such as glasses, mirrors, lenses or stones. 

Background Art 

15 [0002] It is well known that exposure of photocatalysts to excitation light sources results in the production of active 
oxygen species, such as hydroxy radicals or superoxide ions, based on which oxidizing or reducing action, such as oxi- 
dative decomposition of organic matter or reduction of metal ions, is created (for example, Japanese Patent Laid-Open 
Nos. 187322/1985 and 155678/1985). 

[0003] Further, exposure of photoexcitable coatings to photoexcitation light sources to render the surface of the 

20 coating hydrophilic has also been proposed (PCT/W096/29375). 

[0004] The formation of an even thin coating is important in the coating of a photocatalyst coating liquid onto coated 
surfaces of vehicle bodies, building structures and the like or on surfaces of resins. In this case, when an even thin coat- 
' ing is not attained, the photocatalyst-coated surface unfavorably becomes turbid or cloudy. Further, in some cases, pho- 
tooxidative action of the photocatalyst leads to a deterioration in the resin on its photocatalyst-coated surface. 

25 [0005] In order to form an even thin coating or to avoid a photocatalyst-induced deterioration in the photocatalyst- 
coated surface, a method has been proposed wherein a binder, such as an inorganic binder or a silicone resin, is 
coated as an undercoating to form an intermediate layer followed by coating thereon a photocatalyst coating liquid. An 
undercoating composition composed mainly of colloidal silica is described to be particularly preferred 
(PCT/JP98/02487). 

30 

SUMMARY OF THE INVENTION 

[0006] The present inventors have now found that an undercoating composition comprising specific components 
can yield an even thin intermediate layer. They have further found that coating of the undercoating composition followed 
35 by coating of a photocatalytically hydrophiiifiable coating liquid can yield a transparent even photoexcitable coating or 
photocatalytically hydrophiiifiable coating and at the same time can prevent the photooxidation-induced deterioration in 
the photocatalyst-coated surface. 

[0007] Accordingly, it is an object of the present invention to provide an undercoating composition that can form an 
even thin intermediate layer on which a good photoexcitable coating or photocatalytically hydrophiiifiable coating can 
40 be formed. 

[0008] Thus, according to the present invention, there is provided an undercoating composition for coating onto the 
surface of a substrate to form thereon an undercoat on which a photoexcitable coating or a photocatalytically hydrophii- 
ifiable coating is to be formed, said undercoating composition comprising at least a surfactant and a solvent, 

45 said surfactant being a nonionic surfactant, a fluorosurfactant, or a mixture of the surfactants, 

said solvent being a water-soluble solvent having a boiling point of 1 80 to 235°C, an alcohol having 1 to 4 carbon 
atoms, water, or a mixture of two or more of the solvents. 

[0009] According to another embodiment of the present invention, the undercoating composition comprises colloi- 

50 dal silica in addition to the above components. 

[0010] The undercoating composition according to the present invention, when coated on coated surfaces of vehi- 
cle bodies, building structures and the like, on surfaces of organic substrates, such as resin and wood, or on surfaces 
of inorganic substrates, such as glasses, mirrors, lenses or stones, before the formation of a photoexcitable coating or 
a photocatalytically hydrophiiifiable coating on the substrate surface, can form a thin even intermediate layer, and the 

55 photoexcitable coating or the photocatalytically hydrophiiifiable coating formed on the intermediate layer is free from 
drawbacks including that the coated surface becomes turbid or cloudy or creates light interference fringes. 
[0011] The photoexcitable coating or the photocatalytically hydrophiiifiable coating formed on the intermediate layer 
formed of the undercoating composition according to the present invention has an additional advantage that the photo- 
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catalyst-coated surface is not deteriorated. 
BRIEF DESCRIPTION OF THE DRAWINGS 
s [0012] 

Fig. 1 is a graph showing a change with time in contact angle of the surface of samples 1 to 3 with water; and 
Fig. 2 is a graph showing a change with time in contact angle of the surface of samples 4 and 5 with water with the 
elapse of time. 

10 

DETAILED DESCRIPTION OF THE INVENTION 
Surfactant 

15 [0013] Nonionic surfactants usable in the present invention include, for example, polyhydric alcohol type nonionic 
surfactants (such as fatty acid monoesters of glycerol, sorbitan esters, fatty a^id esters of sugar), polyethylene glycol 
type nonionic surfactants (such as polyoxyalkylene oxide adducts of higher alcohols, polyoxyalkylene oxide adducts of 
alkylphenols, polyoxyalkylene oxide adducts of fatty acids, polyoxyalkylene oxide adducts of higher aliphatic amines, 
Pluronic type nonionic surfactants, polyoxyalkylene oxide adducts of polyhydric alcohol type nonionic surfactants, and 

20 polyether-modified organosiloxane), and fatty acid alkanolamides. 

[0014] Fluorosurfactants usable herein include, for example, salts of perfluoroaiky [sulfonic acids, salts of perfluoro- 
aiky Icarboxylic acids, perfluoroaiky I ethylene oxide adducts, perfluoroalkyl trimethyl ammonium salts, salts of perfluor- 
oalkylaminosulfonic acids, oligomers containing perfluoroalkyl groups (for example. "Megafac," manufactured by 
Dainippon Ink and Chemicals. Inc.). salts of perfluoroalkenyloxybenzenesulfonic acids, perfluoroalkenyloxybenzenesul- 

25 fonyl sarcosinates in the form of their sodium salts, perfluoroalkenyl polyoxyethylene ether, perfluoroalkenyloxybenze- 
nesulfone alkyl ammonium iodide, perfluoroalkenyloxybenzamide alkyl ammonium iodide, perfluoroalkenyloxyaralkyl 
betaine, perfluoroalkenyloxyaralkylphosphonic acid, diglycerintetrakis(perfluoroalkenyi polyoxyethylene ether) (for 
example, "Ftergent," manufactured by Neos Co., Ltd.). 

[0015] These surfactants may be used alone or in a combination of two or more. 
30 [0016] According to a particularly preferred embodiment of the present invention, the nonionic surfactant has a 
cloud point of 0 to 100°C as measured in the form of a 2 wt% aqueous solution because an evenerthin coating can be 
formed. 

[0017] According to a preferred embodiment of the present invention, the surfactant is a polyethylene glycol type 
nonionic surfactant Particularly preferred are alkylene oxide adducts of higher alcohol or alkylphenols and polyeth'er- 
35 modified organopolysiloxanes. 

[0018] Polyether-modified organopolysiloxanes usable herein include, for example, those represented by formula 

(I): 



40 



45 



50 



55 



Me 
I 

R1— Si — O- 
I 

Ms 




(0 



wherein R1 represents a methyl group or group -(CH 2 )3-0-(C 2 H40) m (C3H 6 0) n -X wherein X represents a hydrogen 
atom or an alkyl group having 1 to 20 carbon atoms and m and n are each an integer of 0 or more, satisfying 
m + n = 1 to 1 00 ; and h and i are each an integer of 1 to 3000. 

[001 9] Fluoro-containing surfactants are preferred because they are very effective in improving leveling of the liquid 
at the time of coating and. in addition, as compared with other surfactants, are less likely to inhibit development of 
hydrophilification induced by photoexcitation of the photocatalyst. Further, fluorosurfactants can lower slip resistance in 
coating of the undercoating composition with a nonwoven fabric or wiping-off of excess undercoating composition with 
a nonwoven fabric, can advantageously prevent the creation of white streaks (streak milkiness being permanently left 
in wiping-off of excess undercoating composition and being unable to be removed by cloth or the like without difficulty), 
and can improve workability. 

[0020] The surfactant is added to the undercoating composition of the present invention preferably in an amount of 
about 0.05 to 2% by weight, more preferably about 0.2 to 1 .5% by weight. Addition of the surfactant in the above amount 
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range can reduce cissing phenomenon, yield an evener intermediate layer, further reduce tackiness of the surface after 
coating and drying, and shorten the time taken for the hydrophilicity to be developed after the formation of a photocat- 
alytically hydrophilifiable coating. 

5 Solvent 

[0021] According to the present invention, the solvent is a water-soluble solvent having a boiling point of 180 to 

235°C, an alcohol having 1 to 4 carbon atoms, water, or a mixture of two or more of the solvents. 

[0022] Examples of water-soluble solvents having a boiling point of 180 to 235°C usable in the present invention 

w include, but are not particularly limited to, ethylene glycol, diethylene glycol, propylene glycol, dipropylene glycol, dieth- 
ylene glycol monomethyl ether, diethylene glycol monoethyl ether, diethylene glycol monoisopropyl ether, diethylene 
glycol monobutyl ether, dipropylene glycol monomethyl ether, dipropylene glycol monoethyl ether, dipropylene glycol 
monoisopropyl ether, dipropylene glycol monobutyl ether, ethylene glycol dibutyl ether, diethylene glycol diethyl ether, 
diethylene glycol diisopropyl ether, triethylene glycol dimethyl ether, glycerin monomethyl ether, trimethylene glycol, and 

15 N-methylpyrrolidone. 

[0023] Particularly preferred are a combination of ethylene glycol with diethylene glycol monoethyl ether and a com- 
bination of ethylene glycol with diethylene glycol monoisopropyl ether. 

[0024] Alcohols having 1 to 4 carbon atoms usable herein include, for example, methyl alcohol, ethyl alcohol, n-pro- 
pyl alcohol, isopropyl alcohol, n-butyl alcohol, isobutyl alcohol, s-butyl alcohol, t-butyl alcohol, 1 ,3-butanediol, 2,3- 
20 butanediol, 1 ,4-butanediol, and denatured alcohols, such as isopropyl-denatured ethyl alcohol. 

[0025] Among them, ethyl alcohol, denatured ethyl alcohol, n-propyl alcohol, isopropyl alcohol, and n-butyl alcohol 
are preferred. 

[0026] The undercoating composition according to the present invention may contain other water-soluble solvents. 
Other water-soluble solvents usable herein include, for example, glycol ethers having a boiling point below 1 80°C, such 
25 as ethylene glycol monomethyl ether and propylene glycol monoethyl ether, water-soluble solvents having a boiling 
point above 235°C, such as triethylene glycol monoethyl ether and tripropylene glycol, and ketones, such as acetone 
and dimethyl ketone. 

[0027] Preferred solvents are a mixed solvent composed of a water-soluble solvent having a boiling point of 1 80 to 
235°C and an alcohol having 1 to 4 carbon atoms and a mixed solvent composed of a water-soluble solvent having a 

30 boiling point of 1 80 to 235°C, an alcohol having 1 to 4 carbon atoms, and water. 

[0028] The solvent is added to the undercoating composition of the present invention preferably in an amount of not 
more than 99.95% by weight, more preferably about 97.5 to 99.7% by weight Addition of the solvent in the above 
amount range can reduce cissing phenomenon, yield an evener intermediate layer, further reduce tackiness of the sur- 
face after coating and drying, and shorten the time taken for the hydrophilicity to be developed after the formation of a 

35 photocatalytically hydrophilifiable coating. 

[0029] When the undercoating composition according to the present invention contains a water-soluble solvent 
having a boiling point of 1 80 to 235 °C, the content of the water-soluble solvent having a boiling point of 1 80 to 235°C 
is preferably 0.5 to 5.0% by weight. Use of the water-soluble solvent having a boiling point of 1 80 to 235°C in the above 
amount range can offer even coating and drying, can yield an evener thin coating, can shorten the time necessary for 

40 drying after coating, and, when a photocatalytically hydrophilifiable coating liquid is coated, can provide an evener coat- 
ing. 

Colloidal silica 

45 [0030] According to another embodiment of the present invention, the undercoating composition may contain col- 
loidal silica in addition to the above components. Colloidal silicas usable in the present invention include, for example, 
aqueous colloidal silica using water as a dispersion medium and organosol comprising silica dispersed colloidally in a 
hydrophilic solvent, such as ethyl alcohol, isopropyl alcohol, or ethylene glycol. 

[0031] According to a preferred embodiment of the present invention, the colloidal silica has a particle diameter of 
so less than 50 nm, more preferably 1 to 30 nm, still more preferably 5 to 20 nm. The above particle diameter range is 
advantageous in that satisfactory binder effect can be attained and, in addition, unfavorable phenomena including a 
lowering in gloss of the photocatalytically hydrophilifiable coating by the photocatalyst can be effectively prevented. 
[0032] When colloidal silica is incorporated, the colloidal silica has a silica content of preferably 0.04 to 2% by 
weight, more preferably 0.1 to 1% by weight. In the above content range, coating of the undercoating composition by 
55 the following method can realize the formation of a thin layer having a thickness of not more than 50 nm which is an 
even intermediate layer free from light interference fringes. 
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Optional components 

[0033] If necessary, preservatives, perfumes, antioxidants, chelating agents, antifoaming agents and the like may 
be mixed in or used in combination with the undercoating composition according to the present invention. Further, LPG, 
5 dimethyl ether, or a compressed gas of nitrogen, carbon dioxide gas, air or the like, together with the undercoating com- 
position, may be sealed to prepare an aerosol spray. 

Substrate 

10 [0034] Before the formation of a photoexcltable coating or a photocatalytically hydrophilificable coating, the under- 
coating composition according to the present invention is applied onto a substrate on which the photoexcltable coating 
or the photocatalytically hydrophilifiable coating is to be formed. Examples of preferred substrates usable herein 
include: coated surfaces of vehicle bodies, building structures and the like; surfaces of organic substrates, for example, 
resins, such as polyester resin, polyamide resin, acrylic resin, polyolefin resin, and polycarbonate resin, and wood; and 

15 surfaces of inorganic substrates, for example, glasses, mirrors, and lenses such as windowpanes for buildings and vehi- 
cles, mirrors for bathrooms, washrooms, and automobiles, lenses for eyeglasses, cover glasses, for boards of various 
instrument panels and the like; and stones. 

Coating method 

20 

[0035] The undercoating composition according to the present invention may be coated onto the surface of a sub- 
strate by any suitable method selected from coating methods which can evenly coat the undercoating composition. 
Examples of coating methods usable herein include roller touching, bar coating, spraying, brush coating, sponge coat- 
ing, and a spreading with use of a woven fabric, paper or the like to be impregnated therewith. 
25 [0036] After coated in a suitable amount by any of these methods, the undercoating composition is dried to from a 
coating. The drying may be carried out either at room temperature or under heating. Instead of drying, excess under- 
coating composition may be wiped off with a dry cloth. Wiping can simultaneously remove soil. This can advanta- 
geously contribute to satisfactory development of the function of the photocatalyst coating composition. 

30 Photocatalyst coating composition, photoexcitable coating, and photocatalytically hydrophilifiable coating 

[0037] The photocatalyst coating composition for the photoexcitable coating or the photocatalytically hydrophilifia- 
ble coating preferably comprises: 

35 (a) photocatalyst particles of a metal oxide; 

(b) a sparingly decomposable binder comprising at least one member selected from the group consisting of fine 
particles of silica, silicone resin film precursors capable of forming silicone resin films, and silica film precursors 
capable of forming silica films; and 

(c) a solvent. 

40 

Further, leveling agents, surfactants, polymerization curing catalysts, hydrolysis catalysts, antimicrobial metals, pH 
adjustors, and storage stabilizers and the like may be added. 

[0038] As the photocatalytic metal oxide, there may be used at least one member selected from the group consist- 
ing of anatase form of titanium oxide, brookite form of titanium oxide, rutile form of titanium oxide, tin oxide, zinc oxide, 

45 dibismuth trioxide, tungsten trioxide, ferric oxide, and strontium titanate. 

[0039] The photocatalyst particles preferably have an average crystallite diameter of not more than 100 nm. The 
upper limit of the average crystallite diameter is preferably about 20 nm, more preferably about 1 0 nm. The lower limit 
of the average crystallite diameter is preferably about 1 nm. An average crystallite diameter of the photocatalyst parti- 
cles in the above range enables to attain a satisfactory hydrophilification and, at the same time, makes it possible to 

so prevent the transparency of a surface, with the composition applied thereto, from being lost due to scattering of visible 
light caused by the particles. 

[0040] The average crystallite diameter of photocatalyst particles may be determined by the Scherrer's equation 
from the integral width of the strongest peak around 26 = 25.3° as determined by powdery X-ray diffractometry of the 
particles. 

55 [0041] The sparingly decomposable binder may contain fine particles of silica. The fine particles of silica are con- 
sidered to function to efficiently fix the photocatalyst particles onto the surface of the member. According to a preferred 
embodiment of the present invention, the fine particles of silica have an average particle diameter of preferably 1 to 1 00 
nm, more preferably 5 to 50 nm, and most preferably 8 to 20 nm. The average particle diameter of the fine particles of 
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silica may be determined, for example, by dynamic laser scattering. 

[0042] A preferred example of the silica coating precursor capable of forming a silica coating usable in the photo- 
catalyst coating composition is a silicate having an average composition represented by the following formula: 

SiX q O(4_ q )/2 

wherein X represents an alkoxy group or a halogen atom and q is a number satisfying 0 < q < 4. 

[0043] Another preferred example of the silica coating precursor capable of forming a silica coating is a tetrafunc- 

tional hydrolyzable silane derivative represented by the general formula: 

SiX 4 

wherein X represents an alkoxy group or a halogen atom. 

[0044] Specific examples of preferred tetrafunctional hydrolyzable silane derivatives usable herein include tetram- 
ethoxysilane, tetraethoxysilane, tetrapropoxysilane, tetrabutoxysilane, diethoxydimethoxysilane, tetrachlorosilane, 
tetrabromosilane, silanol, and dimethoxydiethoxysilane. 

[0045] Specific examples of preferred silicates usable herein include partial hydrolyzates and dehydropolyconden- 
sation products of the tetrafunctional hydrolyzable silane derivatives. 

[0046] Examples of another preferred silica film precursors capable of forming silica films include silicates, such as 
lithium silicate, potassium silicate, and water glass. 

[0047] A preferred example of the silicone coating precursor, capable of forming a silicone coating, which may be 
used in the photocatalyst coating composition is a siloxane having an average composition represented by the following 
formula: 

RpSiX q O(4_p_ q )/2 

wherein 

R represents a member selected from the group consisting of a hydrogen atom and one or more organic groups; 

X represents an alkoxy group or a halogen atom; and 

p is a number satisfying 0 < p < 2 and q is a number satisfying 0 < q < 4. 

[0048] Another preferred example of the silicone coating precursor, capable of forming a silicone coating, which 
may be used in the photocatalyst coating composition is a hydrolyzable silane derivative represented by the general for- 
mula: 

RpSiX^p 

wherein 

R is as defined above; 

X represents an alkoxy group or a halogen atom; and 
p is 1 or 2. 

[0049] In this case, preferably, the organic group represented by R refers to an alky! (more preferably an unsubsti- 
tuted alkyl having 1 to 18 carbon atoms, most preferably an alkyl having 3 to 18 carbon atoms) or an aryl (preferably 
phenyl). 

[0050] Specific examples of preferred hydrolyzable silane derivatives include methyltrimethoxysilane, methyltri- 
ethoxysilane, methyltripropoxysilane, methyltributoxysilane, ethyitrimethoxysilane, ethyltriethoxysilane, ethyltripropox- 
ysilane, ethyltributoxysilane, phenyltrimethoxysilane, phenyltriethoxysilane, phenyltripropoxysilane, 
phenyltributoxysilane, dimethyldimethoxysilane, dimethyldiethoxysilane, dimethyldipropoxysilane, dimethyldibutoxysl- 
lane, diethyldimethoxysilane, diethyldiethoxysilane, diethyldipropoxysilane, diethyldibutoxysilane, phenylmethyldimeth- 
oxysilane, phenylmethyldiethoxysilane, phenylmethyldipropoxysilane, phenylmethyidibutoxysilane, n- 
propyltrimethoxysilane, n-propyltriethoxysilane, n-propyltripropoxysilane, n-propyltributoxysilane, y- glycosidoxypropylt- 
rimethoxysilane, and y- aery loxyp ropy Itrimethoxysilane. 

[0051] The siloxane may be prepared by partial hydrolysis and dehydropolycondensation of the hydrolyzable silane 
derivative, or by dehydropolycondensation of a partial hydrolyzate of the hydrolyzable silane derivative with a partial 
hydrolyzate of tetrarhethoxysilane; tetraethoxysilane, tetrapropoxysilane, tetrabutoxysilane, diethoxydimethoxysilane or 
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the like. 

[0052] The amount of the precursor added to the photocatalyst coating composition may be suitably determined. 
For example, in terms of the silica content based on one part by weight of the photocatalyst particle, the upper limit of 
the precursor content is preferably 10 parts by weight, more preferably 5 parts by weight, most preferably 1 part by 
weight, and the lower limit of the precursor content is preferably 0.05 part by weight, more preferably 0.1 part by weight, 
and most preferably 0.2 part by weight 

[0053] The solvent contained in the photocatalyst coating composition is not limited so far as it can stably disperse 
the photocatalytic particles and the precursor and a hydrophilified surface is finally provided. Examples of solvents usa- 
ble herein include water, organic solvents, and mixed solvents composed of water and organic solvents. Water, an alco- 
hol, and mixed solvents composed of water and an alcohol are particularly preferred. 

[0054] Alcohols usable herein include methanol, ethanol, n-propanol, isopropanol, butanol, and pentanol. 
[0055] The photocatalyst coating composition, together with LPG, dimethyl ether, or a compressed gas of nitrogen, 
carbon dioxide gas, air or the like, may be sealed with in a can or an aluminum container coated with a resin to prepare 
an aerosol spray. 

15 

Formation of photoexcrtable co a ting or photocatalvtic hvdrophilifiable coating 

[0056] A photoexcitabie coating or a photocatalytically hvdrophilifiable coating may be formed by coating the pho- 
tocatalyst coating composition onto the intermediate layer formed from the undercoating composition according to the 
20 present invention and drying or curing the coating. 

[0057] Suitable methods for coating the coating composition usable herein include a spray coating, a dip coating, a 
flow coating, a spin coating, a roll coating, a brush coating, a sponge coating, and a spreading with use of a woven fab- 
ric, paper or the like to be impregnated therewith. 

[0058] Curing methods usable herein include polymerization by heat treatment, allowing to stand at room temper- 
25 ature, ultraviolet irradiation andr the like. 

[0059] The formation of a coating on the surface of the member by the above method permits the surface of the 
member to be hydrophilified in response to photoexcitation of the photocatalyst. 

[0060] In this case, for the development of a high level of hydrophilification of the surface of the substrate by pho- 
toexcitation of the photocatalyst, the intensity of the excitation light is generally not less than 0.001 mW/cm , preferably 

30 not less than 0.01 mW/cm 2 , more preferably not less than 0.1 mW/cm 2 . 

[0061] When the photocatalytic oxide is anatase form of titanium oxide, rutile form of titanium oxide, zinc oxide, or 
strontium titanate, suitable examples of light sources for photoexcitation of the photocatalyst include sunlight, interior 
illumination, fluorescent lamps, mercury lamps, incandescent lamps, xenon lamps, high pressure sodium lamps, metal 
halide lamps, and BLB lamps. On the other hand, when the photocatalytic oxide is tin oxide, bactericidal lamps, BLB 

35 lamps and the like are suitable. 

[0062] The photocatalyst layer applied onto the surface of the member preferably has a thickness of not more than 
0.4 fim. This layer thickness can prevent the layer being rendered milky due to irregular reflection of light and can realize 
a substantially transparent surface layer. 

[0063] The thickness of the photocatalyst layer is more preferably not more than 0.2 u.m. This layer thickness can 
40 prevent color development of the photocatalyst layer caused by interference of light. The smaller the thickness of the 
photocatalyst layer, the better the transparency of the photocatalyst layer. Further, reducing the thickness of the photo- 
catalyst layer can advantageously provide improved abrasion resistance of the photocatalyst layer. 
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EXAMPLES 

[0064] The following examples further illustrate the present invention, but are not intended to limit it. In the following 
examples and comparative examples, "%" is by weight 

Fxamples 1 to 9 

[0065] Ingredients shown in Table 1 were mixed together in various proportions to prepare undercoating composi- 
tions of Examples 1 to 9 according to the present invention. 
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Table 1 
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Example 




1 


2 


3 


4 


5 


6 


7 


8 


9 


Colloidal silica 


S1 


u.l 


0.2 


0.4 












0.04 




S2 








0.2 


0.8 


1.6 










S3 














0.5 


2 




Surfactant 


N1 


0.5 








1.2 








1 




N2 




0.3 








0.1 










IMo 






0.3 






0.1 


0.2 








N4 








U.O 








0.5 




Water soluble solvent 


H1 


0.5 








1 




0.5 








H2 




1 




1 




1.5 


0.5 








H3 






2 


1.5 


2 




0.5 








H4 












0.2 




0.5 


1 




L1 


5 




2 


10 




5 




97 






L2 




1 






15 




50 






Water 


W 


93.9 


97.5 


95.3 


87 


80 


91.5 


47.8 


0 


97.96 



Remarks: 

30 [0066] Numerical values in the table are in wt%. 

S1 : Aqueous colloidal silica, particle diameter 1 0 to 20 nm 

S2: Aqueous colloidal silica, particle diameter 7 to 12 nm 

S3: Organosilica sol (ethylene glycol), particle diameter 10 to 20 nm 
35 N1 : Polyoxyethylene (1 2) lauryl ether, 2% cloud point 80°C 

N2: Polyoxyethylene (10) nonylphenyl ether, 2% cloud point 55°C 

N3: Poiyether-modified organopolysiloxane, 2% cloud point 78°C 

N4: Poiyether-modified organopolysiloxane, 2% cloud point 62°C 

H1: Propylene glycol, boiling point 188°C 
40 H2: Ethylene glycol, boiling point 198°C 

H3: Diethylene glycol monoethyl ether, boiling point 196°C 

H4: Triethylene glycol dimethyl ether, boiling point 21 6°C 

L1 : Isopropyl alcohol 

L2: Methanol-modified ethyl alcohol 

45 

[0067] Numerical values in parenthesis with respect to polyoxyethylene (12) and the like represents the number of 
moles of alkylene oxide added. 

Comparative Examples 1 to 3 

50 

[0068] Ingredients shown in Table 2 were mixed together in various proportions to prepare undercoating composi- 
tions of Comparative Examples 1 to 3. 
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Table 2 



5 



10 



15 



20 





Comparative Example 




1 


2 


3 


Colloidal silica 


Si 


0.3 


0.5 


0.7 


Surfactant 


N1 










N5 


0.6 








N6 




0.8 


0.5 




A2 






0.2 


Water-soluble solvent 


H5 


2 








H6 




2 






H7 






2 




H4 










L1 










L3 


10 


20 


30 


Water 


W 


87.1 


76.7 


66.6 



25 

Remarks: 

[0069] Numerical values in the table are in wt%. 

30 S1 : Aqueous colloidal silica, particle diameter 1 0 to 20 nm 

N1 : Polyoxyethylene (12) lauryl ether, 2% cloud point 80°C 

N5: Polyoxyethylene (8.5) nonylphenyl ether, 2% cloud point 42°C 

N6: Polyether-modified organopolysiloxane, 2% cloud point 38°C 

A2: Sodium laurylsulfate 
35 H5: Triethylene glycol, boiling point 276°C 

H6: Triethylene glycol monoethyl ether, boiling point 256°C 

H7: Diethylene glycol dibutyl ether, boiling point 255°C 

H4: Triethylene glycol dimethyl ether, boiling point 21 6°C 

L1 : Isopropyl alcohol 
40 L3: Isopropyl alcohol-modified ethyl alcohol 

[0070] Numerical values in parenthesis with respect to polyoxyethylene (12) and the like represents the number of 
moles of alkylene oxide added. 

45 Preparation of photocatalyst-coated plates 

[0071] The undercoating compositions shown in Tables 1 and 2 were coated on a painted steel plate and a trans- 
parent acrylic resin plate. The coated plates were dried at room temperature, followed by coating threon a photocatalyst 
coating liquid. Thus, photocatalyst-coated plates were prepared. 

50 

Evaluation results 

[0072] Main evaluation results in each step are summarized in Table 3. 
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Remarks: 

[0073] Tests and evaluation were carried out by the following methods. 

[0074] The undercoating compositions shown in Tables 1 and 2 were spray coated onto a test panel of a painted 
5 steel plate and a test panel of a transparent acrylic resin plate each having a size of 30 cm x 30 cm. The coated plates 
were dried at room temperature for 15 min. Thereafter, a photocatalyst coating liquid 1 (a composition prepared by dilut- 
ing a photocatalyst coating composition, comprising 1 0% by weight in total of particles of anatase form of titanium diox- 
ide (particle diameter about 10 nm) and amorphous silica and 90% by weight in total of 2-propanol, water, methanol, 
and nitric acid, with 1-propanol at 1 : 1 00 dilution) was spray coated on the plates coated with the undercoating compo- 
10 sitions. 

Coverage: 

[0075] The coverage of the undercoating composition was expressed in g/m 2 . 

15 

Coatabtlity of undercoating composition: 

[0076] Each undercoating composition was visually evaluated for cissing and uneven coating upon coating and dry- 
ing. 

A: No cissing with even coating. 
B: No cissing with slightly uneven coating. 
C: Slight cissing with uneven coating. 

D: Difficulties experienced in coating due to cissing with uneven coating. 
Light interference fringes: 

[0077] Each undercoating composition was visually evaluated for light interference fringes upon coating and drying. 

30 A. No light interference fringes created. 

B. Substantially no light interference fringes created. 

C. Slight light interference fringes created. 

D. Light interference fringes created. 

35 Surface appearance after coating of photocatalyst: 

[0078] The surface appearance after coating of the photocatalytically hydrophilifiable coating liquid and drying the 
coating was visually evaluated. 

40 A: Transparent and even with no uneven coating. 

B: Transparent and even with somewhat uneven coating. 
C: Uneven coating. 

D: Considerably lowered transparency with uneven coating. 

45 Deterioration in resin layer: 

[0079] The test panels after coating of the photocatalytically hydrophilifiable coating liquid and drying the coating 
were exposed outdoors to sunlight for 180 days, and then visually evaluated for the surface appearance. 

so A: Transparent and even without a deterioration in the resin layer. 

B: Transparent and even with partial clouding, suggesting slight deterioration in the resin layer. 
C: Partially opaque, suggesting a deterioration in the resin layer. 
D: Wholly cloudy, suggesting a deterioration in the resin layer. 

55 Evaluation of hydrophilicity: 

[0080] The undercoating composition, shown in Table 1, prepared in Example 4 was coated by means of gauze 
onto a test panel of the painted steel plate having a size of 7 cm x 15 cm. The coated test panel was dried at room tem- 
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perature for 1 5 min. Thereafter, the photocatalyst coating liquid 1 was spray coated thereon to obtain samples #1 to #3. 
The coverage of the undercoating composition prepared in Example 4 was zero for sample #1 , 3.5 g/m 2 for sample #2, 
5.5 g/m 2 for sample #3. The coverage of the photocatalyst coating liquid was 53.5 g/m 2 for sample #1 , 52.8 g/m 2 for 
sample #2, and 53.5 g/m 2 for sample #3. These samples were exposed to sunlight to apply ultraviolet light thereto, and, 
5 in this state, the contact angle between the samples and water was measured with the elapse of time. The results are 
shown in a graph of Fig. 1 . The results show that improved hydrophilicity has attained upon coating of the undercoating 
composition of Example 4. 

Examples 10 to 21 

10 

[0081] Ingredients shown in Table 4 were mixed together in various proportions to prepare undercoating composi- 
tions of Examples 10 to 21 according to the present invention. 
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Remarks: 

[0082] Numerical values in the table are in wt%. 

5 N1 : Polyoxyethylene (12) lauryl ether, 2% cloud point 80°C 

N2: Polyoxyethylene (10) nonylphenyl ether, 2% cloud point 55°C 

N4: Polyether-modified polyorganosiloxane, 2% cloud point 62°C 

N5: Polyoxyethylene (8.5) nonylphenol, 2% cloud point 42°C 

N6: Polyether-modified organopoiysiloxane, 2% cloud point 38°C 
10 N7: Polyoxyethylene (7) lauryl ether, 2% cloud point 33°C 

NB: Polyoxyethylene (6) polyoxypropylene (2) lauryl ether, 2% cloud point 32°C 

N9: Polyoxyethylene (6) oleyl ether, 2% cloud point 8°C 

N1 0: Polyoxyethylene (1 4) oleyl ether, 2% cloud point 90°C 

F1 : Fluorosurfactant, Megafac F-177, manufactured by Dainrppon Ink and Chemicals, Inc. 
15 H2: Ethylene glycol, boiling point 1 98°C 

H3: Diethylene glycol monoethyl ether, boiling point 196°C 

H4: Tri ethylene glycol dimethyl ether, boiling point 21 6°C 

L1 : Isopropyl alcohol 

L4: 1- Propyl alcohol 
20 L5: n-Butyl alcohol 

[0083] Numerical values in parenthesis with respect to polyoxyethylene (12) and the like represents the number of 
moles of alkylene oxide added. 

25 Comparative Examples 4 to 6 

[0084] Ingredients shown in Table 5 were mixed together in various proportions to prepare undercoating composi- 
tions of Comparative Examples 4 to 6. 

30 

Table 5 





Comparative Example 




4 


5 


6 


Surfactant 


A1 


0.4 








A3 




0.5 






A4 






0.8 


Water-soluble solvent 


H3 


2.5 


1.5 


2 




L1 




68 


72.2 




L5 


57.1 






Water 


W 


40 


30 


25 



Remarks: 

[0085] Numerical values in the table are in wt%. 

50 

A1 : Sodium di-2-ethylhexylsulfosuccinate 

A3: Sodium polyoxyethylene (4) nonylphenyl ether sulfate 

A4: Sodium polystyrenesulfonate 

H3: Diethylene glycol monoethyl ether, boiling point 196°C 
55 L1 : Isopropyl alcohol 
L5: n-Butyl alcohol 

[0086] Numerical values in parenthesis with respect to polyoxyethylene (12) and the like represents the number of 
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moles of alkylene oxide added. 
Preparation of photocatalvst-coated plates 

5 [0087] The undercoating compositions shown in Tables 4 and 5 were coated on a painted steel plate and a glass 
plate. The coated plates were dried at room temperature, followed by coating of a photocatalyst coating composition. 
Thus, photocatalyst-coated plates were prepared. 

Evaluation results 

10 

[0088] Main evaluation results in each step are summarized in Table 6. 



Table 6 



15 




Coverage, g/m 2 


Coatability of undercoating compo- I 
sltlon ! 


After coating of photocatalyst 








Painted steel plate 


Glass plate 


Painted steel plate 


Glass plate 




Ex. 


10 


12.5 


A 


A 
M 


A 


A 


20 




11 


12.5 


A 


A 


A 


A | 






12 


12.5 


A 


A 


A 


A 






13 


12.5 


B 


A 


A 


A 


25 




14 


12.5 


A 


A 


B 


A 






15 


12.5 


A 


A 


A 


A 






16 


12.5 


A 


A 


A 


A 


30 




17 


12.5 


B 


A 


B 


A 




18 


12.5 


B 


A 


B 


A 






19 


12.5 


B 


A 


B 


I A 






20 


12.5 


C 


A 


C 


B 


35 




21 


12.5 


C 


B 


C 


C 




Comp. Ex. 


4 


12.5 


B 


A 


D 


D 






5 


12.5 


A 


A 


D 


D 


40 




6 


12.5 


B 


B 


D 


D 



Remarks: 

[0089] Tests and evaluation were carried out by the following methods. 

[0090] The undercoating compositions shown in Tables 4 and 5 were spray coated onto a test panel of a painted 
steel plate and a test panel of a glass plate each having a size of 30 cm x 30 cm. The coated plates were dried at room 
temperature for 15 min. Thereafter, a photocatalyst coating 11 comprising: 4.0% by weight of a photocatalytically 
hydrophilifiable coating liquid comprising 10% by weight in total of anatase form of titanium dioxide and amorphous sil- 
ica (Hydrotect Body Coating, top coating liquid B, ENB 1 0B, manufactured by TOTO, LTD.; comprising 10% by weight 
in total of particles of anatase form of titanium dioxide and amorphous silica and 90% by weight in total of 2-propanol, 
water, methanol, and nitric acid); and 96.0% by weight of a diluting liquid composed mainly of 1-propanol (Hydrotect 
Body Coating, top coating liquid A, ENB 1 0A, manufactured by TOTO, LTD.) was spray coated at a coverage of 25 g/m 2 . 

Coatability of undercoating composition: 

55 

[0091 ] Each undercoating composition was visually evaluated for cissing and uneven coating upon coating and dry- 
ing. 
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A: No cissing with even coating. 

B: No cissing with slight uneven coating. 

C: Slight cissing with uneven coating. 

D: Difficulties experienced in coating due to cissing with uneven coating. 

5 

Surface appearance after coating of photocatalyst: 

[0092] The surface appearance after coating of the photocatalytically hydrophiilfiable coating liquid and drying the 
coating was visually evaluated. 

10 

A: Transparent and even with no uneven coating. 

B: Transparent and even with somewhat uneven coating. 

C: Uneven coating. 

D: Considerably lowered transparency with uneven coating. 
Evaluation of hydrophilicity: 

[0093] The undercoating compositions, shown in Table 4, prepared in Examples 1 0 and 1 9 were coated onto a float 
plate glass having a size of 10 cm x 1 0 cm (the coating surface having been previously cleaned) by means of a nonwo- 

20 ven fabric (Benliese TS 327, manufactured by Asahi Chemical Industry Co, Ltd.) at a coverage of about 7 g/m 2 Subse- 
quently, the photocatalyst coating liquid 1 was spray coated thereon at a coverage of 25 g/m 2 to form photocatalyst 
coatings. Thus, samples #4 and #5 were obtained. The photocatalyst-coated glass samples thus obtained were irradi- 
ated with BLB light, and, in this state, the contact angle between the surface of the samples and water was measured 
with the elapse of time. At that time, the intensity of ultraviolet light at 360 nm was 0.5 mW/cm 2 . The results are shown 

25 in Fig. 2. 

[0094] The results show that, for the fluoro-coating surfactants used in Example 20, the inhibition of the develop- 
ment of the hydrophilicity has become low. 

Examples 22 and 23 and Comparative Example 7 

30 

[0095] Ingredients shown in Table 7 were mixed together in various proportions to prepare undercoating composi- 
tions of Examples 22 and 23 according to the present invention and Comparative Example 7. 



Table 7 







Ex. 22 


Ex. 23 


Comp. Ex. 7 


Surfactant 


F2 


0.1 








N1 




0.1 






A5 






0.1 


Water-soluble solvent 


H2 


1 


1 


1 




H3 


1 


1 


1 




L6 


20 


20 


20 | 


Water 


W 


77.9 


77.9 


77.9 



Remarks: 

50 

[0096] Numerical values in the table are in wt%. 

F2: Fluoro-containing surfactant, Ftergent FT-251, manufactured by Neos Co., Ltd. 
N1 : Polyoxyethylene (12) lauryl ether, 2% cloud point 80°C 
55 A5: Sodium dodecylsulfonate 

H2: Ethylene glycol, boiling point 198°C 

H3: Diethylene glycol monoethyl ether, boiling point 1 96°C 

L6: Ethanol 
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10 



15 



Preparation nf photocatalvst-coated plates 



[0097] The undercoating compositions shown in Table 7 were coated on windowpanes. The coated windowpanes 
were dried at room temperature, followed by coating of a photocatalyst coating liquid to obtain photocatalyst-coated 
5 plates. 

Evaluation results 

[0098] Main evaluation results in each step are summarized in Table 8. 



Table 8 





Ex. 22 


Ex. 23 


Comp. Ex. 7 


Slip resistance 


A 


C 


C 


White streak 


A 


C 


C 


Appearance of coating 


A 


A 


D 


Hydrophilicity 


A 


A 


A 



20 



Remarks: 

[0099] Tests and evaluation were carried out by the following methods. 

25 [0100] The undercoating compositions shown in Table 7 were coated onto windowpanes having a size of about 90 
cm x 90 cm at a coverage of about 7 g/m 2 by means of a nonwoven fabric (Benliese TS 327, manufactured by Asahi 
Chemical Industry Co, Ltd.). Next, a dry nonwoven fabric (Benliese TS 327, manufactured by Asahi Chemical Industry 
Co, Ltd.) was reciprocated on the coated windowpanes 10 times to wipe off the excess undercoating compositions. A 
photocatalyticaily hydrophilifiable coating liquid was spray coated by means of a photacatalytically hydrophilifiable aer- 

30 osol spray onto the undercoats at a coverage of 25 g/m 2 . The aerosol spray had a composition shown in Table 9. 



Table 9 



35 



40 



45 





ingredients 


Wt% 


Photocatalyticaily hydrophilifiable coating liquid 


ST-K01 


2.0 


ST-K03 


2.0 


1 -Propyl alcohol 


32 


Propylene glycol monoethyl ether 


4.0 


Propeliant 


Dimethyl ether 


60 



Remarks: 
[0101] 



ST-K01: A photocatalyst coating composition, manufactured by Ishihara Sangyo Kaisha Ltd., comprising 8.0% by 
weight of particles of anatase form of titanium dioxide, 2.0% by weight of amorphous silica, 2-propanol, water, 

so methanol, and nitric acid. 

ST-K03: A photocatalyst coating composition, manufactured by Ishihara Sangyo Kaisha Ltd., comprising 5.0 M by 
weight of particles of anatase form of titanium dioxide, 5.0% by weight of amorphous silica, 2-propanol, water, 
methanol, and nitric acid. 

55 Slip resistance: 

[0102] The degree of resistance at the time of wiping of the undercoating composition with the dry nonwoven fabric 
was evaluated. 
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A: Low resistance, light 
B: Somewhat heavy 
C: Heavy 
D: Very heavy 

5 

White streak: 

[0103] At the time of wiping-off of the excess undercoating composition with a dry nonwoven fabric, evaluation was 
made on whether white streaks are left and on the removability of the excess undercoating composition. 

10 

A: No white streaks are left with the excess undercoating composition being easily removed. 
B: White streaks are slightly left with the excess undercoating composition being easily removed. 
C: White streaks are somewhat left with a lot of time being taken for removing the excess undercoating composi- 
tion. 

15 D: White streaks are left with difficulties being encountered in removing the excess undercoating composition. 
Appearance of coating: 

[0104] The transparency of the photocatalyst coating was visually evaluated. 

20 

A: Excellent 
B: Good 

C: Slightly whitened 
D: Whitened 

25 

Hydrophilicity: 

[0105] Water was hand sprayed onto the photocatalyst coating before light irradiation. The surface of the photocat- 
alyst coating was then visually inspected for the formation of water droplets. 

30 

A: Water droplets were not formed at all, suggesting very good hydrophilicity of the photocatalyst coating. 
B: Water droplets were not formed, suggesting good hydrophilicity. 
C: Water droplets were somewhat formed. 
D: Water droplets were formed. 

35 

[0106] The sample of Example 22 using a fluoro-coating surfactant has attained low slip resistance at the time of 
wiping without causing any white streak, demonstrating very good workability at the time of the application of the under- 
coating composition onto the substrate. 

40 Claims 

1. An undercoating composition for coating onto the surface of a substrate to form thereon an undercoat on which a 
photoexcitable coating or a photocatalytically hydrophilifiable coating is to be formed, said undercoating composi- 
tion comprising at least a surfactant and a solvent, 

45 

said surfactant being a nonionic surfactant, a fluoro-containing surfactant, or a mixture of the surfactants, 
said solvent being a water-soluble solvent having a boiling point of 1 80 to 235°C, an alcohol having 1 to 4 car- 
bon atoms, water, or a mixture of two or more of the solvents. 

so 2. The undercoating composition according to claim 1 , which further comprises colloidal silica. 

3. The undercoating composition according to claim 1 or 2, wherein the nonionic surfactant has a cloud point of 0 to 
1 00°C as measured in the form of a 2 wt% aqueous solution. 

55 4. The undercoating composition according to any one of claims 1 to 3, wherein the solvent is a mixed solvent com- 
posed of a water-soluble solvent having a boiling point of 1 80 to 235°C and an alcohol having 1 to 4 carbon atoms, 
or a mixed solvent composed of a water-soluble solvent having a boiling point of 180 to 235°C, an alcohol having 
1 to 4 carbon atoms, and water. 
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5. The underrating composition according to any one of claims 1 to 4, which contains the surfactant in an amount of 
0.05 to 2.0% by weight and the solvent in an amount of not more than 99.95% by weight. 

6. The underrating composition according to any one of claims 2 to 5, which contains the colloidal silica in an 
5 amount of 0.04 to 2.0% by weight. 

7. The under-coating composition according to any one of claims 1 to 6, which contains the water-soluble solvent hav- 
ing a boiling point of 1 80 to 235°C in an amount of 0.5 to 5% by weight of. 

10 8. The undercoating composition according to any one of claims 1 to 7, wherein the nonionic surfactant is a polyeth- 
ylene glycol moiety containing nonionic surfactant based on an alkylene oxide adduct of a higher alcohol or an 
alkylphenol. 

9. The undercoating composition according to any one of claims 1 to 7, wherein the nonionic surfactant is a polyether- 
15 modified crganopolysiloxane. 

10. The undercoating composition according to any one of claims 1 to 9, wherein the photoexcitable coating or the pho- 
tocatalytically hydrophilifiable coating is a coating capable of being hydrophil'rfied through a photocatalyzed 
hydropnilification reaction. 

20 

1 1. The undercoating composition according to any one of claims 1 to 9 ( wherein the photoexcitable coating or the pho- 
tocataiyticalry hydro p hi I'rfi able coating contains titanium oxide in the form of anatase. 

12. The undercoating composition according to any one of claims 1 to 11, wherein the substrate is an organic sub- 
25 strate. 

13. The undercoating composition according to any one of claims 1 to 1 1 , wherein the substrate is a coated body. 

14. The undercoating composition according to any one of claims 1 to 1 1, wherein the substrate is a body of an auto- 
30 mobile. 

15. The undercoating composition according to any one of claims 1 to 11, wherein the substrate is a resin member. 

16. The undercoating composition according to any one of claims 1 to 1 1 , wherein the substrate is an inorganic sub- 
35 strate. 

17. The undercoating composition according to any one of claims 1 to 11, wherein the substrate is a glass. 

18. The undercoating composition according to any one of claims 1 to 1 1, wherein the substrate is a mirror. 

19. The undercoating composition according to any one of claims 1 to 1 1 , wherein the substrate is a lens. 

20. The undercoating composition according to any one of claims 1 to 1 1 , wherein the substrate is a stone. 

45 



50 



55 
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